INTRODUCTION
Phylogenetic and diversity analysis of indigenous soybeannodulating rhizobacteria not only facilitates the use of root-nodule bacteria with high nitrogen fixation ability, but is also an interesting subject for bacterial ecological study in terms of rhizobacteria that form symbiotic relationships with higher plants.
Classification of root-nodule bacteria has been based on agglutination with antisera (Sawada et al. 1989) , intrinsic antibiotic resistance (Mueller et al. 1988; Saeki et al. 2000; Sawada et al. 1990) , restriction fragment length polymorphisms (RFLPs) by Southern hybridization using certain probes (Ando and Yokoyama 1999; Minamisawa et al. 1992 Minamisawa et al. , 1999 Yokoyama et al. 1996) , randomly amplified polymorphic DNA (RAPD) (Saeki et al. 2000; Sikora et al. 1997) , DNA-DNA hybridization (Hollis et al. 1981; Willems et al. 2001 Willems et al. , 2003 , and uptake hydrogenase phenotypes, composition of extracellular polysaccharides and production of rhizobitoxine (Minamisawa 1989) . Because the 16S rRNA gene (rDNA) sequence is highly conserved among prokaryotes, it is a useful index of the phylogenetic relationships among different living organisms with wide taxonomic differences in the prokaryote. In contrast, the 16S-23S rDNA intergenic transcribed spacer (ITS) region is useful for classification of organisms with close taxonomic relationships. The diversity of soybean root-nodule bacteria in Japan and Vietnam has been analyzed on the basis of RFLP analysis of polymerase chain reaction (PCR) product of this ITS region (Saeki et al. 2005 (Saeki et al. , 2006 . For analysis of soybean-nodulating bacteria, however, the application of PCR-RFLP analysis of the ITS region is limited to within a genus with similar sized ITS regions. For example, the genus Bradyrhizobium and the genus Sinorhizobium harbor different sizes of ITS regions and must be analyzed separately when using PCR-RFLP analysis of the ITS region (Saeki et al. 2005) . Furthermore, several bradyrhizobia distinguishable by serotype cannot be distinguished on account of their sequence homogeneity in the ITS region (Saeki et al. 2004) . Therefore, to differentiate not only among genera, but also to the species level, using a target gene, we need to develop some useful methods and a target gene that is suitable for high-resolution analysis. Some studies have focused on the diversity of the 23S rDNA sequence of proteobacteria (van Berkum et al. 2003; Ludwig et al. 1995) .
In the present study, to assess the usefulness of 23S -5S rDNA analysis, we carried out a comparative PCR-RFLP study of the 23S-5S rDNAs (a region of approximately 3 kbp) of Bradyrhizobium USDA strains and a Sinorhizobium fredii type strain and of the bacteria's 16S-23S rDNA ITS and 16S rDNA regions, both of which had previously been demonstrated to be useful for classifying soybean-nodulating bacteria (Saeki et al. 2004) .
MATERIALS AND METHODS

Soybean root nodule bacteria
The soybean-nodulating Bradyrhizobium japonicum USDA 4, 6 T , 38, 62, 110, 115, 122, 123, 124, 125, 127, 129 
PCR-RFLP analysis
Total DNA for PCR was extracted from a HEPES-MES (HM) medium culture of bradyrhizobia (Sameshima et al. 2003) as described by Hiraishi et al. (1995) , with slight modification as described previously by Saeki et al. (2004) . Rhizobial cells cultured in HM medium were collected by centrifugation (7000 × g, 5 min) and washed with sterile distilled water. The bacterial pellet was suspended in 40 μL of sterile distilled water and frozen. The frozen sample was thawed and treated with 50 μL of BL buffer (40 mmol L -1 Tris, 1% Tween 20, 0.5% Nonidet P-40, 1 mmol L -1 ethylenediaminetetraacetic acid [EDTA]; pH 8.0) and 10 μL of proteinase K (1 mg mL
) and then incubated at 60°C for 30 min and then at 95°C for 5 min. The sample was centrifuged at 15,000 g for 10 min to remove undisrupted cells and large debris, and the supernatant was collected. One microliter of the lysate was directly used as the template DNA for PCR in a 50-μL reaction mixture. The PCR reaction was carried out with Ex Taq DNA polymerase (TaKaRa, Otsu, Shiga, Japan). As PCR primers, 23S-F1 (5′-GRYGGATGCCTTGGC-3′), corresponding to positions 3,162 to 3,176 (located near the 5′ end of the 23S rDNA), and 5S-R (5′-GGCAGCGACCTACTCTC-3′), corresponding to positions 6,231 to 6,215 (located near the 3′ end of the 5S rDNA) in the 16S-23S-5S rDNA sequence data of B. japonicum USDA 110, accession no. Z35330 (van Berkum et al. 2003) , were used to amplify the 23S-5S rDNA region corresponding to 3070 bp of B. japonicum USDA 110. The PCR program was as follows: 94°C for 5 min for denaturation; 30 cycles of 30 s at 94°C, 30 s at 53°C and 2 min at 72°C; and a final extension step at 72°C for 10 min. A 5-μL aliquot of the PCR product was separately digested with each of the restriction enzymes HhaI, MboI, HinfI and XspI (five units; TaKaRa) in a 20-μL reaction volume at 37°C for 3 h. The digest was electrophoresed in a 3% agarose gel (NuSieve 3:1 agarose, BMA, Rockland, ME, USA) in 0.5× Tris-borate EDTA (TBE) buffer. The electrophoresed image was visualized with ethidium bromide staining and a ultraviolet (UV) Transilluminator (TFML-26E, UVP, Upland, CA, USA).
Cluster analysis
The sizes of the digested fragments on the electrophoresed gel were measured using Quantity One software (Bio-Rad Laboratories, Hercules, CA, USA). The mean sizes of fragments of similar size in similar positions on the gel, and the coefficients of variation (CVs), were calculated from the measured sizes. The measurement errors (%) of these average fragment sizes were calculated from the ratios of average measured size to theoretical fragment size, as calculated from the sequence data of B. japonicum USDA 110 (accession no. BA000040; Kaneko et al. 2003) . Cluster analysis used all reproducible fragments longer than 100 bp from all strains tested. Some irreproducible fragments, supposedly the result of fragment non-digestion, were excluded from the cluster analysis. The pairwise distances (D) between the RFLP patterns of pairs of tested rhizobial USDA strains were analyzed using the following equation for all fragments obtained from the four restriction enzymes:
where N AB is the number of fragments shared by the two strains and shown to be almost in the same position, and N A and N B are the total numbers of fragments of each strain tested (Nei and Li 1979; Sakai et al. 1998) .
Calculations were made for all pairwise combinations of strains tested. Cluster analysis was carried out using the unweighted pair-group method with arithmetic mean (UPGMA), using D from the Eq. 1. The dendrogram was constructed using PHYLIP (Phylogeny Inference Package) ver. 3.573 (J. Felsenstein, http://evolution. genetics.washington.edu/phylip.html).
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RESULTS AND DISCUSSION
Restriction digestion of the PCR product of 23S-5S rDNA with HhaI, HinfI, MboI and XspI produced 20 to 26 restriction fragments longer than 100 bp in the Bradyrhizobium USDA strains tested (Figs 1,2) . The CVs of the measured sizes in similar positions on the gel were less than 0.04, and the average CV was 0.014 (data not shown). The measurement errors of the averaged fragment sizes, as represented by the ratio of average measured fragment size to average size of fragment from the sequence data of B. japonicum USDA 110, were less than 3.5%. These results suggest that the analysis was reliable.
We carried out cluster analysis of PCR-RFLP of 23S-5S rDNA of bradyrhizobia. Thirteen operational taxonomic units (OTUs) were detected on the dendrogram in the bradyrhizobia tested (Fig. 3) . The two genera of soybean-nodulating bacteria, Bradyrhizobium and Sinorhizobium, were differentiated on the basis of approximately 80% dissimilarity. Bradyrhizobium japonicum and B. elkanii were differentiated on the basis of 40% or more dissimilarity. Although, in general, no polymorphism was detected in the B. elkanii cluster, USDA 33 showed slightly differing patterns in the RFLP fragments from the HinfI digestion (Figs 1,2) . Because PCR-RFLP analysis of the 16S-23S rDNA ITS region indicated 4 OTUs among B. elkanii USDA 31, 46, 61, 76 T , 94 and 130 (Saeki et al. 2004) , PCR-RFLP analysis of the ITS region would, therefore, be more useful for differentiation of B. elkanii. In contrast, B. japonicum could be differentiated into 11 OTUs, although our previous report (Saeki et al. 2004 ) indicated the presence of 9 OTUs in the 16S-23S rDNA ITS region of B. japonicum. The reason is that B. japonicum USDA 62, 110, 122, 125 and 129 were differentiated here into 3 OTUs, whereas in our previous report (Saeki et al. 2004) we could not distinguish among these strains using PCR-RFLP analyses of 16S rDNA and the 16S-23S rDNA ITS region. As almost all the strains tested here were serotype strains, an ability to differentiate them from each other would be desirable. These results indicate that PCR-RFLP analysis of 23S-5S rDNA may be more useful than analysis of the 16S-23S rDNA ITS region for differentiation of B. japonicum strains, although it cannot be used for differentiation of B. elkanii strains. The results also suggest that the 23S-5S rDNA in B. japonicum strains might contain regions that are more variable than those in 16S rDNA or the 16S-23S rDNA ITS region.
The topological positions on the UPGMA tree based on RFLP analysis of 23S-5S rDNA, however, are not in accordance with those of the RFLP analysis of 16S rDNA and the 16S-23S rDNA ITS region (Saeki et al. 2004) . This suggests that dendrograms based on PCR-RFLP analysis may not always indicate accurate phylogenetic relationships. Ludwig et al. (1995) reported that the phylogenetic tree of the 16S rDNAs of approximately 120 strains among the α, β, γ, δ and ε subclasses of the proteobacteria indicated topology similar to that of 23S rDNAs. In contrast, van Berkum et al. (2003) analyzed the phylogenetic relationships of 16S rDNA, the 16S-23S rDNA ITS region and 23S rDNA among a number of α proteobacteria; they reported discrepancies in the phylogenetic relationship among the 16S rDNA, 23S rDNA and the 16S-23S rDNA ITS region, and suggested that phylogenetic placement based on 16S rDNA sequence divergence is questionable with respect to α proteobacteria. Hollis et al. (1981) classified B. japonicum strains into two groups, one group including USDA 6 T , 38, 115 and 123 and the other including USDA 62 and 110, using DNA-DNA hybridization. Our previous report (Saeki et al. 2000) also demonstrated two clusters of B. japonicum, a cluster of USDA 110 and another cluster of B. japonicum isolates, using RAPD fingerprinting. These results suggest that the relationships of genomic diversities in B. japonicum are comparable to those determined using PCR-RFLP analyses of 16S rDNA and the 16S-23S rDNA ITS region. Further analysis will be necessary to compare the results of RFLP analyses with genomic polymorphisms.
In PCR-RFLP analyses of the 16S-23S rDNA ITS region and of 23S-5S rDNA, the use of as many reference strains as possible, as well as the choice of the target DNA, the primers used, the restriction enzymes used, and the RFLP fragments analyzed will be important for accurate analyses. Although PCR-RFLP analysis will not always yield accurate phylogenetic relationships, PCR-RFLP analysis of the 16S-23S rDNA ITS region and of the 23S-5S rDNA is a simple and useful approach to the grouping of soybean-nodulating isolates. However, because the 16S-23S rDNA ITS region Figure 2 Schematic representation of the gel electrophoresis patterns from polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis of the 23S-5S rRNA genes of Bradyrhizobium USDA strains. Sizes (bp) deduced from the electrophoresis patterns are indicated in the column at left. Small fragments (< 100 bp) are not shown because of the difficulty in recognizing them in the gel. S.f., Sinorhizobium fredii. Measurement errors (%) for calculated sizes were based on comparison with the sequence data of B. japonicum USDA 110 (BA000040) and are shown in the column at right. and the 23S-5S rDNA have different resolutions in B. japonicum and B. elkanii, the target region appropriate to the analysis must be chosen.
As it will be possible to conduct cluster analysis of the genera Bradyrhizobium and Sinorhizobium using electrophoresis patterns from PCR-RFLP analysis of 23S-5S rDNA at the same analytical process, this method would seem to have advantages in the ecological study of indigenous soybean-nodulating rhizobia in the soil under, for example, alkaline conditions, where both bradyrhizobia and sinorhizobia are present. 
